
RESEARCH OBJECTIVES
Biogeochemical heterogeneity in the subsurface occurs

because of transport limitations at many length scales. The ques-
tion arises, when micro - e n v i ronmental conditions vary signifi-
cantly at the millimeter scale, where do specific biogeochemical
p rocesses occur, and how are they coupled? Within much of the
subsurface, the spectrum of micro - e n v i ronments is coupled
t h rough diffusive mass transfer. Thus, diffusion-limited domains
a re the simplest systems within which the full range of transfor-
mations can occur. Furthermore, such systems cannot be under-
stood through characterization of bulk, volume-averaged pro p-
erties because key gradients in chemical components and micro-
bial communities are overlooked. In this re s e a rch, we are inves-
tigating the biogeochemistry of uranium (U) and nitrate (NO3–)
in diffusion-limited domains in order to understand the integrat-
ed effects of transport and biogeochemical reactions on transfor-
mations of these contaminants. Uranium and NO3– often occur
as co-contaminants, and the reduction of soluble U(VI) to insol-
uble U(IV) in sediments is being considered as a strategy for i n
s i t u remediation. Pathways for U reoxidation need to be under-
stood for us to critically evaluate reductive in situ re m e d i a t i o n
strategies. Our studies address three main segments of the sub-
surface U contamination cycle: (1) transport (sorption-re l e a s e ,
d i ffusion, advection), (2) biogeochemistry of reduction (as influ-
enced by NO3–), and (3) reoxidation.  

APPROACH
Many studies are being conducted to evaluate both the indi-

vidual aspects and integrated effects of the U cycle in contami-
nated sediments. Individual components under investigation
include U(VI) sorption and release in batch systems, nitrate and
U(VI) reduction in batch systems, and U(IV) reoxidation to
U(VI). Column studies permit assessment of sorption-re l e a s e
and reduction-oxidation on overall U and NO3– t r a n s p o r t .
Experiments are also being done on historically contaminated
and pristine soils from the NABIR Field Research Center at Oak
Ridge, Te n n e s s e e .

ACCOMPLISHMENTS
The importance of calcite in suppressing U(VI) sorption into

soils has been predicted and demonstrated (Zheng et al., 2003).
Overall bacteria diversity in historically U-contaminated soils
a p p e a red to increase in response to lactate and NO3– a d d i t i o n s ,
although the high diversity in n i rS genes decreased. Lactate infu-
sion into U-contaminated soils resulted in reduction to U(IV) with-
in 30 days and was well reflected in redox potential measure m e n t s .
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SIGNIFICANCE OF FINDINGS
The effect of calcite on suppressing U(VI) sorption was pre-

viously overlooked when standard experimental procedures
were applied to slightly calcareous sediments. The sorption
envelopes help explain the transient U(VI) diffusion measure-
ments obtained in a related BES-supported study.
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Figure 1. (a) Preferential flow and transport in the subsurface;
(b) mobile-immobile approximation; (c) redox zonation within
diffusion-limited domains
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